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iMETHon OP ppoDurrrn^j 
OF APVANCFD COMPOsr-n. MATBRfAT « 



Field of thft TT.-.,».,|j^ 

Witt a substandaily Ijunimr conslniction. 
Egvi«w of th.. An Kn^^ .„ f^. ^„|-i|Vp„||- ) 

, . ft«mdv« have aa i„h«« ..^^.h cabined wift a fle,cibm«, a., 

^ of ^ area c„„«„e. of ^ booa 
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*em. The desirable n^echanical p„,perties of the fib 
anisotropic, in that they lie „r«H™.- , ^ mtrinsically 

1 -eti.es .e.i.e. .bat ^l^Z T -"""^ ^ ' 

This design requirement has led to 7 u '""^ cWteristics. 

ciescn^ed below, each of I I I™ T^^"^ ^^^^ ^ ^« 

wiiicfi ^duoifs a number of deficiencies. 

' ^^•^^^*'^««=«»P°«temateriJto^chthf,- " ■ 

i-ofDon iibre, glass, aramid and hnrnr, m. 
such composites i^ultfi^n^tfa^-..^.^ , ^« ^^eraU pioperties of 

the xado of fibre to rj^^^ ''^'^^ 
|^^withir.theco„Xr^~--'^^^-----<iorienta^^ 

A ^-de range of resin types are used in fte manu^e^ure of resin fibre 
T|ieseresms or polymers mav be ^, . °^ ^^'"-fibre composites. 

» made b«we» a. fibre. r„ *• ^ tta. . atong bo.d 

off^fsUghperfo™^. TieMeZT" '^'^ - aa 

»Poln,p.„i,^, ae ,^e I '"^"°'*"«^'^»«*o 

Among the range of fibres available for use 

-St common m^^eindus^. GiIT I """"^^^^ - 

Cclosely associated bundles of twisted ffl ^ " 

loosely associatedbundleofunt^^^:'? ^ 

"ntwisted filaments or strands), or spun yam fibr^ 
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viar have lugh strength and low density and have fo„n^ 

apphca.oninp„,tectiven.terials. Carbon fibres produced bv 7. 

treatment of polymer m,r« Produced by high temperature 

" urst of these, referred to as 'Wet Lav • i 
resin to the fibres at th. c ""'^^''^ ^*^g ^^^^ 

of construction uses nr^- ^'m^^ .... -^^e second mode 

--to.e.t;::— ™^ - 

wen icnown in the art. and will not be needl , T ""-""P^^^^*^' ^''"^ ^ 
-ar..eeapproaehes«.tCr:t~^^^- 




Sheets of fabric made fi-om the required fibres may be stacked to f . ■ 
laminate thickn^c ti, v . ""J" °® *^«ed to form a desired 

grainofwood. ITieweaveoft. ■ " ^ ^^^7 to the 

fl^emselvesmaycoml ' ""^"^^ °^ -^^h 

ivesmaycompnse many thousands of fibres or filaments. 

The aligmnent and bundling of fibres into a tow allow, . 

takeplacebetweenthefibres unlilceth ^ ° ^ bond to 

-w. ---ent:~rr:;:~^°"^ 

a^-obemoreuni.rmlydis.butedamongst:::h: ~ 
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mode fcr compo^te :Men,l, ^ . 

^ * ^ ^ quasi-isotropic. ^ 

Of .e ^.Ho .ed . ,„ d„ ^ ^ 
to^-»,ui^^. ^^^^^^^ 




"tally, the Kb„ ATM Weigh. (PAW) i. * . 

^V^.. T.= ove..,,e^^: ;~^--'o-o.o.., 

°a Dy the methods described above. 
T^e present invention addresses these oroK. 

^te that ,s essentially anisotropic, has 
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^vo^able .ecHanieal p.p«^es in ^ of and s^es. and 

significantly less prone to de-lamination feilure. 
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• SurriTTiflr^. .^f the Tnv^TiK^T, 

Mthe bioadest definition of the invention, ^eie is p^vided a method of 
producing a laminate comprising the following steps: 

(a) Fonning patches fiom a substantially unidirectional febric. treated with a 



resm 



(b) Substantially randomisii^ the orientation of said patches 

(c) Distributingaplurality of saidpatches in layers around a former 

__(c^ __ Causing said layers of patches to amalgamate by means of activation of 
tiie resm treafrnent 
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P«h« ..vc „ avenge .»ri<«» Tea 00 gr««r 20-^ of smftc 
the layer formed in step (c). 

m«ll5>totyofpalch shapes md/or sizes is emptoyei 
appn>pnate coiobime™, of the accompanying drawings. 



i=-»g"re I ^s a schematic process diagram iDustiaW fi, . 
patches, theirrandomisation and (h« • fornaat^on of fabric 

tion. and theirpresentation for furlherprocessing. 

FigureZisaschematicprocessdiagramillustratingtheformaH . 
-omisa.on,andsuhse..entconve^ee.am:l.t^^^^^^ 

^Zr^ a ra^ge of pa.h shap. s..a.. for .e . c_. 

Figure 4 illusliat^ a typical random arrangement of . . 

polymer. °f Patches in a composite 

Figure 5 is a schematic diaEram of a . 

picsem invention comnriseq ito^ ..x* , 
^•O" on,,. „ u : ""■^'^ Of ^ ^. 
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preferable a., a.e u^ji^,^ ^ „^ ^ ^ otn,..^ of 
™e i. pre-fap^^ orprMreattd. ^'tt, ,„ r**, i„ 

onier » p„d»e a Kgh fite ^'risin ^ in ^ fi^ ^^posiK. His ia 

Tf r •■'i«>^Hei-— i„ 

«. fte geornefty „f ^e required „ ^ „^ 

tarnate .ken f„„„^ layering i„ ^ ^„ 

to requ^ .hape of tte fi^ ,^o,„. po»o™, ,a^, 

palohe, are oompreaaed if „,ui^ aM to cured in a. conv»«i™al way 

^ipropnate to lie ream syatem ionse. 

0,» embodimeu. of aueh a p,„d«i», p,„oeaa ia iU«„„ed i„ Kjure , 
U„^^^^ orroil ou^a, ia f^d into apparatua 2 eou^riaiug 
to mea^fa p^^i.^ SK^T^eTSqura-HSiroTBSlSd-- 
^hapea^ OT. pa^hea 3 are fed into appar^ua aa a tonrbler 4 providing 
for .and^nly orientetog d» patobe, 3. On /eaying a„ ^ 4, ^ 

o„e«a,ed patoie, 5 n»y M onto a conveyer bel. 6 to «,„„ a loose. ,and<„.,y 
onenuw layer 7 of patohea, lie ».d„ndy oriented patote 7 toay to bl 

con veni^dy picked -O" -y nae of a »a:«„n bead 8 fer tr»,afer to a ptodnc „»nld 

oy, tor example, robotic means. 

an analogous way, the randomly orientated patches 5 could be fed into a hopper 
for eventual delivery to such a suction head device. 

Figui. 2 shows another embodiment of the production process whereby the 
-ndonJy orientated patches 5 are conveyed from the tumbler 4 by means of a 
pneumatic ponveyor. Such conveyors are known for handling powdered' or 
granular materials. Control of tempe^ture in such a conveyor can be us«i to ' 

pr^entpatchessticldngtoeachother.ortotheconveyor,duringtransport Tt, 
patches may then be conveniently deposited in layers, to the required geometry 
optionally with the assistance of a vacuum-forming device. 
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Reshape and size ofthepatchesusedtofonntherandona stamp l^tenaay be 
chosen accoxding to the size and geonaetry of the object to be manufactured. Any 
particular object to be manufactured may use patches of a range of sizes and 
shapes, either distributed randomly over the surface of the obj ec, or patches of 
particular shape or size may be positioned, or orientated, at particular locations 
tae ooject to provide localised areas of specific strength characteristics, such as 
oca,a,,,otropy.Itistobeappreciatedthat^^ 

to follow a curved geometry and the strength of the composite produced. SmaD 
patches wiU be more able to follow complex geometries, but at the expense of the 
strength that derives fiom long fibre length. 

Figure 3 iUustrates a range of suitable geometries for the patches. All the patches 
deprcted are enable of tesselating, thus making most efficient use of the sheet or 

unidirectional febri.. although this property is not ess«.tal for operation of 
the present method. Referring to Fxgure 3. appropriate shapes depicted are a 
-tangle 10, a paxanelogram 11, atrapezium 12. a chevron 13. ahexagon 14 and 
a curved arrow 15. Ihe lines in each of the shapes depicted in Figure 3 indicate 
the preferred direction of the fibr^ in the unidirectional sheet, by providing the 
most efiScient way to maximise the fibre length within the patch. 

Figure 4 depicts, again schematically, a small section 16 of a composite laminate 
made according to the method of this invention. This view, perpendicular to the 
plane of the randomly orientate patches 17. shows a typical arrangement of the 
patches. In this instance, rectangular patches of a uniform size are depicted but a 
range of sizes and shapes could equaUy be used as required. 

A key advantage of this method of production of advanced composite materials is 
ftat the problem of delamination under stress is significantly reduced. Figure 5 
shows a schematic representation of a section through a typical six ply laminate 
composite made according to existing methodology. Ihe two central pHes 1 8 as 
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at least part of the tfaic W „f J "^'"""^ '^^^^^ 

*ick.e^^ve.i.,p,,,^_,";^^™^ T,»overi«i„,.^ . 
*-"*o„, a, Of ae o„.;r "^"-^ ^ 

•^^"^.^iir r ------ 

o*.^.o., .a a. ...o. Of :cr^:: 
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position. TypieaUy. in the art. n.c«. than 75% of the fib 

substantially the same direction. ^^ned in 

a^L^n Of "tIJ' the spatial 

— TietennfonnilolT " ' """''^ — 
lonner also zncludes substantially pW smfeces. 

Con^osite Materials'. " 'Advanced 
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1. A znethod of producing a lanunate comprising the following stq,s: • 
(a) Fonning patches from a sub^tially unidirectional fibric, treated with 



resin 



(b) Substantiaiiy x^domising the orientation of said patches 

Co) Distributing a plurality of said patches in layer, around a fom^er 

(d) ^--^«aidlaye.ofpatch.toan.algamatebymeansofactivatio„of 
the resm treatment 



2. The method of Qaim 1 wherein the 



means for distributing patches in step (c) i 



a suction device. " ' *" 



a pneumatic conveyor. ^•^ep t^c; is 

4. lie „,ea„d of any of .ie p.»,.a« cUta M .M* a, p^,^^ ^ „ 
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